This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



BLACK BORDERS 

TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT 
ILLEGIBLE TEXT 
SKEWED/SLANTED IMAGES 
COLORED PHOTOS 

BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



id 



® 



Euro pais che s Patents mt 
European Patent Office 
Office europeen des brevets 



© Publication number. 



0 371 763 

A2 



® 



EUROPEAN PATENT APPLICATION 



© Application number 89312362.0 
© Date of filing: 28.11.89 



© lntClAB41J 2/175 



© Priority: 01.12.88 GB 8828047 


© Applicant WILLETT INTERNATIONAL LIMITED 


2 The Valley Centre Gordon Road 


© Date of publication of application: 


High Wycombe Bucks HP13 6EQ(GB) 


06.08.90 Bulletin 90/23 


© Inventor: Walton, Robert Lionel 




© Designated Contracting States: 


17 Church Lane 


DEFRGB 


Wymlngton Rushden Northants(GB) 




© Representative: Dummett, Thomas tan Peter 




etal 




Dummett Copp & Co. 14 The Square 




Martlesham Heath Ipswich Suffolk, IPS 




7SL(GB) 



© Method for operating a valve. 



© The present invention relates to a method for 
operating an electromagnetic valve means compris- 
ing a vaive plunger journaJled within a valve body for 
movement under the influence of an electric current 
on a drive stroke from a valve closed position to a 
valve open position, which valve means controls the 
fiow of fluid to a nozzle orifice In a nan-contact fluid 
droplet applicator apparatus, notably an ink jet print- 
er, which method is characterised in that it com- 
prises intermittently applying a transient drive cur- 
rent to the valve means 2 which is insufficient to 
move the plunger 11 of the valve means 2 suffi- 
ciently on Its drive stroke towards the valve open 
position to permit the flow of fluid through the vaive 
I means 2. 
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METHOD FOR OPERATING A VALVE 



The present Invention relates to a method for 
operating a valve, notably a reciprocating plunger 
type of valve in an Ink jet printer. 



BACKGROUND TO THE INVENTION: 

In one form of drop on demand non-contact 
fluid droplet applicator, for example an ink jet print- 
er, fluid is supplied under pressure to an array of 
nozzle orifices arranged so that droplets ejected 
from the nozzle orifices are applied to a substrate 
to form the desired image. The substrate moves 
relative to the orifices and fluid Is allowed to flow to 
the nozzles in the desired sequence under the 
control of a valve mechanism in the fluid flow lines 
serving each nozzle. Typically, the valve Is an 
electromagnetic solenoid type valve In which a 
plunger carrying a seating member moves in and 
out of engagement with the outlet to a chamber fed 
with ink under a pressure of from 0.1 to 2 bar from 
the ink reservoir. When the valve is open, ink can 
flow through the outlet to form the droplets. 

With an ink jet printer, the objective is to form 
sharply defined images on the paper composed of 
a number of droplets ejected from the nozzle array. 
However, it has been found that at least some of 
the droplets emitted by the nozzles when the print- 
er is started after a rest period are not uniform or 
may not be emitted at all from the nozzle orifice. 
The rest period can be, for example, a pause 
during printing or can occur even when a particular 
nozzle has not been utilised for some reason dur- 
ing part of a print run. 

We have found that the valve plunger win, over 
a period of time, tend to move forward under the 
influence of the return spring after it has nominally 
seated into its valve closed position and closed the 
orifice. This "creep" occurs due to the resilient 
nature of the material used for the sealing member 
and/or the valve seat The effect of this creep is to 
increase the separation between the magnetic pole 
faces formed by the moveable plunger and the 
fixed components of the valve construction. The 
resilient nature of the material also allows the ma- 
terial of the sealing member to deform around the 
member which It is bearing against and this may 
provide a measure of grip between the sealing 
members. We believe that both these factors con- 
tribute to variable droplet ejection after periods of 
rest. 

We have devised a method for reducing this 
problem without the need to modify the design or 
construction of the valve. 



SUMMARY OF THE INVENTION: 

Accordingly, the present invention provides a 
method for operating an electromagnetic valve 

s means, notably a solenoid valve, controlling the 
flow of fluid to a nozzle orifice in a non-contact fluid 
droplet applicator, notably an ink jet printer, which 
method is characterised in that It comprises inter- 
mittently applying a transient drive current to the. 

ro valve means which is not sufficient to open the 
valve, for example by lifting the valve head from its 
seat, or to permit the flow of fluid through the 
valve. 

The present invention also provides a non- 
75 contact fluid droplet applicator, notably an ink jet 
printer which Is adapted to emit droplets of fluid 
upon the operation of a valve means, notably a 
solenoid valve mechanism, under the control of a 
programmed control means, characterised In that 
20 the said control means is programmed to cause a 
transient drive current to be applied to the said 
valve means which current is not sufficient to open 
the valve means or to permit the flow of fluid 
through the vahre. 
25 The Invention also provides a programmable 
control means for operating a valve means to regu- 
late the flow of fluid In a non-contact fluid droplet 
applicator which has been programmed to cause a 
transient drive current to be applied to the valve 
30 means which Is not sufficient to open the valve 
means or to permit the flow of fluid through the 
valve. 



SB DESCRIPTION OF THE DRAWING: 



The invention is of especial application to the 
operation of a solenoid valve for controlling the flow 
of Ink through a nozzle in an ink jet printer. For 
40 convenience, the Invention will be described 
hereinafter with respect to this preferred application 
and with respect to the accompanying drawing 
which is a digrammatic cross-section through the 
solenoid valve in such a printer. 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENT* 

50 A drop on demand ink jet printer comprises an 
ink reservoir 1 operated under pressure which 
feeds ink to a bank of solenoid valves 2, each 
controlling the flow of ink to a nozzle 3 in a print 
head comprising an array of the nozzles. The print 
head is to apply droplets to packages 4 or other 
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articles carried transversely past the print head. 
The valves are operated in the desired sequence 
by a programmable controller 5 to apply the de- 
sired image, e.g. a bar code, an alphanumeric 
symbol or other image, to the package. Such a 
printer can be of conventional design, construction 
and operation and many forms of such a printer are 
available commercially. 

The valve 2 comprises a coil 10 within which is 
joumalied a magnetisable plunger 11 for reciproca- 
tion under the influence of a current passed 
through the coil. The plunger extends Into a cham- 
ber 12 located at one end of the valve and into 
which Ink is fed via inlet 13 from the reservoir 1 
and from which ink can flow to the nozzle 3 
through outlet 14. The valve can have a tangential 
Inlet as shown, or the inlet can be located at the 
opposed end of the valve so that the ink flows 
axialry though the valve around the plunger 1 1 and 
into the chamber 12. The plunger 11 can take a 
number of forms, but is preferably a generally 
cylindrical member carrying a transverse sealing 
disc 15 on that end (the valve head) located within 
the chamber 12. The valve head can be formed as 
a wider end section to the plunger so that it resem- 
bles a mushroom head if desired. 

The sealing disc 15 is made from any suitable 
material, for example a natural or synthetic rubber 
or resin. The sealing disc 15 engages the open end 
of the outlet tube 14 which extends through the 
end wall of the chamber 12 or with one or more 
sealing ribs formed on the Inner face of the end 
wail and surrounding the entry to the outlet 14. The 
plunger is normally urged Into the valve closed 
position by a spring (not shown) so that the sealing 
disc 15 bears against the rim of the outlet tube 14 
whenever the valve is in the closed position. In an 
alternative design the sealing materia) can be to* 
cated around the rim of the outlet tube, e.g. as 
upstanding ribs or the like, which engage with the 
end face of the plunger 11. For convenience, the 
Invention will be described In terms of a valve head 
which seats against the rim of an outlet tube 14. 

The above form of valve is conventional and 
many forms of such valves are available commer- 
cially. 

As Indicated abovB, we believe that the prob- 
lem of erratic droplet formation Is due at least in 
part to creep occurring in the material of the seal- 
ing disc 15. In severe cases, for example after the 
valve has been left in the closed position continu- 
ously for long periods, the rim of the outlet 14 may 
become sufficiently imbedded in the sealing disc 
15 for the material of the disc to deform around the 
outer edge of the tube 14 so as to provide a 
positive grip between the plunger and the outlet 
tube. 

In order to reduce the effect of this on drop 



ejection performance, a transient current is applied 
to the coil 10 to cause the plunger 11 to retract 
slightly from the chamber 12. This has the effect of 
breaking the adherence between the sealing disc 
s 15 and the rim of the outlet tube 14, so that when 
the full drive current for the drive stroke of the 
valve is subsequently applied to open the valve, 
the valve moves as designed to give the desired 
droplets. 

io The transient current required to achieve the 
desired effect will depend upon many factors, for 
example the material from which the disc 15 is 
made and the pressure exerted by the return 
spring. On the other hand, the transient current 
16 should not cause the disc 15 to move away from 
the outlet 14 sufficiently to allow fluid to flow 
through the valve. The optimum value for the tran- 
sient current to be applied and Ms duration can be 
readily determined by simple trial and error tests. 
20 However, we have found that the current will usu- 
ally be in the range of from 50 to 100% of that 
required to drive the plunger for its opening stroke, 
and that the duration of the transient current will be 
from 25 to 50% of the duration of the drive current 
25 application. Typically, the transient current will be 
applied at a frequency of from 50 to 500 Hz. 

The transient current can be applied imme- 
diately proceeding each drive current application. 
However, it will usually be necessary to apply the 
so transient current independently of the drive current 
so that performance benefit Is obtained immedi- 
ately after periods when the valve has been at rest 
with no drive current applied. Thus, It will usually 
be preferred to apply the transient current when- 
35 ever the time between one drive stroke and the 
next exceeds a specified period. The value of this 
period will vary from valve to valve and can be 
readily determined by simple trial and error. 

Once the value and duration of the transient 
40 current and the intervals at which It is to be applied 
have been established, these can be incorporated 
into the programmed instructions under which the 
controller controlling the operation of the ink )et 
printer operates using the appropriate conventional 
46 programming techniques. Since the invention re- 
quires the use of program variations for its opera- 
tion, the invention can readily be applied both to 
new and existing ink jet printers with little or no 
modification of the printer mechanisms. The lnven- 
60 tion can thus be applied to a wide range of Ink Jet 
printers to reduce the problems encountered during 
the Initial printing of droplets from one or more of 
the nozzle orifices. 

By way of example, a commercially available 
55 drop on demand Ink Jet printer sold under the trade 
mark Willett 3200 by Wlilett Systems Limited was 
operated in the conventional manner without the 
use of any transient current applications. When the 
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printer was stood at rest for periods In excess of 1 
minute, problems with erratic or missed initial 
droplets were encountered. A typical droplet pat- 
tern produced from one of the nozzles Is shown In 

Figure 2. . , 

By way of contrast, when a transient current of 
130 mA was applied for 0.25 milleseconds at a 
frequency of 200 Hz, the initial droplet pattern after 
a rest period of 1 minute was as shown in Figure 3. 
As will be seen, the droplet pattern In Figure 3 
shows none of the erratic or missing droplets of 
Figure 2. 



Claims 



1 A method for operating an electromagnetic 
valve means comprising a valve plunger Journalled 
within a valve body for movement under the Influ- 
ence of an electric current on a drive stroke from a 
valve closed position to a valve open position, 
which valve means controls the flow of fluid to a 
nozzle orifice In a non-contact fluid droplet applica- 
tor apparatus, characterised in that the method 
comprises intermittently applying a transient drive 
current to the valve means which is Insufficient to 
move the plunger 11 sufficiently on its drive stroke 
towards the valve open position to permit the flow 
of fluid through the valve. 

2. A method as claimed in claim characterised 
in that the non-contact fluid applicator is a drop on 
demand ink jet printer and the valve means is a 
solenoid valve 2 controlling the flow of ink through 
a nozzle 3 of the ink jet printer. 

3 A method as claimed in claim 1 charac- 
terised in that the transient drive current is from 50 
to 100% of that required to move the plunger 11 on 
its drive stroke to the valve open position and the 
transient current has a duration which is from 25 to 
50% of the duration of the current applied to the 
valve plunger 11 for its drive stroke to the vaJve 
open position, and in that the application of the 
transient current is insufficient to move the plunger 
11 towards the valve open position and allow fluid 
to flow through the nozzle orifice 3. 

4 A method as claimed in claim 1 charac- 
terised in that a transient current having as value of 
from SO to 100% of the drive current required to 
open the valve 2 Is applied at a frequency of from 
50 to 500 Hz for a duration which is from 25 to 
50% of the duration of the drive current required to 
open the valve 2. ^ ^ 

5. A method as claimed in claim 1 charac- 
terised in that the valve means 2 comprises a coil 
10 wound around a body portion of the valve, 
within which body is reclprocably journalled a mag- 
netisable plunger 11 which extends Into a chamber 
12 located at one end of the valve body, a fluid 



inlet 13 located at the opposite end of the valve 
body to the chamber 12 whereby the fluid flows 
axially through the valve around the plunger 11 and 
through the chamber 12 to an outlet 14 with which 
s a seal member 15 carried by the plunger 11 co- 
operates to close or open the outlet 14 from the 
chamber 12. . m 

6. A method as claimed in claim 5 charac- 
terised in that the plunger 11 is a generally cylin- 
ro drlcal member carrying a transverse sealing d sc 
15 on that end located within the chamber 12, 
which disc 15 engages the open end of an outlet 
tube 14 which extends axially through an end wall 
of the chamber 12. 
75 7. A non-contact fluid droplet applicator which 
is adapted to emit droplets of fluid upon the opera- 
tion of a valve means under the control of a pro- 
grammed control means, characterised In that the 
said control means 5 Is programmed to apply a 
20 transient drive current to the valve means 2 which 
transient current Is Insufficient to move the plunger 
11 of the valve means 2 sufficiently on its dnve 
stroke towards the valve open position to permit 
the flow of fluid through the valve means 2. 
25 8. A programmable control means for operating 
a valve means to regulate the flow of fluid in a non- 
contact fluid droplet applicator, characterised In 
that the control means 5 has been programmed to 
cause a transient drive current to be applied to the 
so valve means 2, which transient current is insuffi- 
cient to move the plunger 11 of the valve means 2 
sufficiently on its drive stroke towards the valve 
open position to permit the flow of fluid through the 
valve means 2. 
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